Reactions of mice to the injection of tubercle bacilli and to their various fractions have been presented in an earlier communication."4
Lesions in the peritoneum and omentum: To follow the fate of the organisms in the peritoneal cavity during the first 35 days, smears of peritoneal fluid of 21 mice were made. These were all positive for add-fast bacilli.
Six hours after intraperitoneal inoculation well-formed nodules were seen in the peritoneum. These have been described in the previous publication. At 3 weeks, tubercles composed of central necrotic masses surrounded by epithelioid cells and granulation tissue were present and acid-fast stains revealed slender and wellstained rods. At later intervals the organisms assumed a granular appearance.
The course of the tuberculous lesions in the peritoneum was interesting. In 35 mice sacrificed during the first 60 days after inoculation, 75 per cent showed definite anatomical lesions in the peritoneum. In sharp contrast, 17 mice sacrificed at intervals from 60 to 200 days after inoculation showed lesions in only 30 per cent. It is apparent that many mice ultimately were able to resolve the tuberculous lesions in the peritoneum after a minimal interval of 60 days. Lesions of the liver: Tuberde bacilli were found in the liver on direct smears 24 hours after intraperitoneal inoculation. Typical proliferative tubercles, as illustrated by Thomas and Dessau,"4 were produced and were present in small numbers for as long as 200 days after inoculation. Even when mice were injected with doses of 0.005 to 0.001 mg. of strain 4717 persistent lesions were formed in the liver. This contrasted with the remarkable ability of the spleen to eliminate the infection. Lesions of the spleen: Twenty-four hours after intraperitoneal injection of 1 mg. of strain 4717 many bacilli were found in smears of the spleen, but in stained section they were not demonstrated until the 1 1th day. At this time cells resembling epithelioid cells were present within the Malpighian corpuscles (Fig. 1) . Acid-fast rods were present within these cells.
On the 20th day the epithelioid cells had increased in number, forming proliferative tubercles that replaced the Malpighian corpuscles. In addition, proliferative tuberdes, apparently arising from the sinuses, were numerous and tended to fuse with those already present so that the normal sinusoidal and trabecular architecture was no longer recognizable.
On the 26th day this process was even more marked; the proliferative tubercles had replaced the whole architecture of the spleen.
Acid-fast organisms were found in large numbers. The absence of any evidence of necrosis of these tubercies was striking (Fig. 2) .
These findings mark the height of the reaction. Spleens from mice sacrificed between the 35th and the 52nd days showed a decreasing cellular reaction and by the 80th day this was completely absent and the architecture was normal. The only anatomical finding at this time was marked congestion of the splenic pulp. Concomitant with the regression of the lesions, add-fast organisms decreased in number in the tissue and only an occasional acid-fast granule could be found after 80 days (Fig. 3) . Lesions of the kidney: Only in 7 of 130 mice were occasional tiny proliferative tubercles formed in the kidneys. Five of these mice were infected with doses as large as 0.5 to 1.5 mg. In sections stained by the Ziehl-Neelsen technic a small number of acid-fast rods was found in kidneys of mice killed between the 5th and 1 Ith days. After 20 days large numbers of acid-fast bacilli were present in the kidneys in spite of an almost total absence of anatomical change. Lesions of the heart: Since tuberculous changes in the heart are rather rare, the occurrence of tubercles in the myocardium in 4 of the 305 mice examined represented a surprisingly high incidence. They were found in mice inoculated with doses of 1.0 and 1.5 mg. of bovine tubercle bacilli and sacrificed between the 18th and 35th days.
Lesions of the lung: After intraperitoneal inoculation of 1 mg. of bovine tubercle bacilli acid-fast organisms were first seen in the lung on the 11th day, together with the first anatomical lesions. These consisted of tiny proliferative tubercles composed of epithelioid cells with occasional polymorphonuclear leukocytes and were scattered irregularly throughout the interstitial tissues of the lung (Fig. 4) . Acid-fast organisms were present in these formations. By the 18th day the process had become more extensive, with marked monocytic infiltration throughout the interstitial tissue.
Twenty-five days after inoculation large areas of focal pneumonia were found. The alveoli in the affected areas were filled with polymorphonuclear and monocytic cells, many of which were necrotic or disintegrated. The interstitial reaction was still marked and large foam cells appeared at the margins of the lesions. These foam cells were also found in alveoli of relatively uninvolved zones (Fig. 5) . The corresponding acid-fast stains showed large numbers of badlli among the necrotic cells filling the alveolar spaces and smaller numbers within the interstitial tissue. The tissue response was at its height at this time, since all sections taken subsequently showed a decreasing amount of cellular reaction. The histological picture in all of these was essentially the same as at the 25th day, except for the foamy appearance of the epithelioid cells (Fig. 7) . Extensive caseous necrosis was encountered in only one instance. This was an adult mouse injected with 1.5 mg. of bovine tubercle bacilli intraperitoneally and killed on the 52nd day. Large zones of focal caseous pneumonia were found (Fig. 6 ). Focal accumulations of foam cells were still found within the alveoli 100 days after the inoculation. Masson stains of these lungs showed a slight but definite increase of fibrous connective tissue in the interstitium of the affected areas. Acid-fast stains of the lungs made at various intervals showed decreasing numbers of bacilli after the 25th day and at 60 days the organisms appeared granular.
In an effort to find out if the route of infection influenced the course of the development of the pulmonary lesions, a small number of mice were injected subcutaneously, intrapleurally, or intra-intestinally. In none of these animals were the lesions significantly different from those previously described. The repeatedly demonstrated high resistance of mice to tubercle bacilli made it desirable to determine the smallest dose pathogenic for the mouse as compared with that for the guinea-pig. Such information would express mouse resistance more precisely.
Five groups of adult mice of the same age and weight were injected intraperitoneally. In Group A each mouse received 0.1 mg. of bovine tuberde bacilli, in Groups B, C, D, and E the doses were 0.05, 0.01, 0.005, and 0.00 1 mg. respectively.
Tuberculous lesions were found in all of the mice except those of Groups D and E. One mouse of 7 sacrificed 3 months after infection in Group D was found free of lesions, while 3 mice of 9 in Group E sacrificed at the same interval showed no lesions.
It would appear from these results that a dose of 0.001 mg. of bovine tubercle bacilli was the minimal amount which produced a progressive lesion in an adult mouse. This dose corresponded to approximately 40,000 bacilli, about 800 to 1000 times the number necessary to produce progressive lesions in a guinea-pig.
(C) HYPERSENSITIVITY OF INFECTED MICE
Although it has previously been shown that mice exhibit no evidence of tuberculin hypersensitivity, as indicated by the Koch phenomenon or the skin test, additional tests were performed to determine if evidences of hypersensitivity could be obtained when different modes of infection and various methods of testing were employed.
For the skin tests 95 mice were injected with doses varying from 0.3 to 1.0 mg. of bovine or human tuberde bacilli or with 0.5 mg. residual III or IV. Residual III results after the successive extraction of living bacilli with alcohol, ether, chloroform, and 25 per cent alcohol, and residual IV after alcohol, ether, hydrochloric acid, and chloroform.' The mice were injected either subcutaneously or intraperitoneally. Those These counts show a marked increase of lymphocytes and monocytes in the tuberculous mice injected with PPD as compared with tuberculous mice injected with saline or with normal mice injected with PPD. However, it was obvious that only approximately half of the mice showed a cellular response significantly greater than did the controls. In addition, many of the mice which showed a high monocytic response had only a minimal lymphocytic increase, and vice versa.
With such variability in results it would not be justified to conclude that this reaction represented tuberculin hypersensitivity. E. R. Long and M. H. Seyfarth' in 1924 described intratesticular injection of tuberculin as a more satisfactory method of testing tuberculin hypersensitivity in guinea-pigs. Hence, 11 tuberculous mice and 5 normal mice were tested in this fashion, with results as summarized in Table 2 .
Examination 18 and 24 hours after PPD or saline injections in tuberculous and in normal mice revealed striking evidence of hemorrhage and necrosis of tubules. In none of the mice sacrificed 30 days after PPD injection was the striking atrophy of the tubules, as described by Long and Seyfarth, observed. These findings indicated no difference in response and did not support the findings of Pagel,9 who claimed that the lesions appeared at an earlier date and ran a more rapid course in previously infected animals.
One of the major problems of reinfection is the effect of an infection early in life upon the course of a subsequent infection. Accordingly, 10 mice 3 weeks of age were injected with 0.1 mg. of strain 4717 and 24 days later reinjected with 0.2 mg. of the same strain. Small doses were used for the initial injection so that the mice would survive for a period of months. The mice were sacrificed at various intervals after the second injection. As controls, mice of the same age were injected with the same dose and kept without reinfection. They also were sacrificed at the same intervals calculated in days after the first injection. No difference was observed in the histological appearance of the lesions of the two groups nor in the progress of the disease, except in a few of the control mice where the lungs were found to be free of involvement. It should be emphasized that this difference may be due to the difference in dose in the two groups.
The survival period is another means of investigating the effects of an infection early in life upon subsequent reinfection. Two groups of mice, numbering 14 and 20, injected with 0.1 mg. of human or of bovine tubercle bacilli, when 10 days of age, were reinjected with 1.5 mg. of bovine tubercle bacilli 100 days after the first injection. As controls, 10 adult mice were injected with 1.5 mg. of the same suspension. In a second experiment 16 and 12 mice, injected with 0.1 mg. of human or of bovine tubercle bacilli at the 10th day of life, were reinjected with 1.5 mg. of the bovine strain at 170 days after the first injection. A control group of adult mice was similarly injected. No difference in survival rate of the experimental and control groups was observed in either experiment.
(D) INFLUENCE OF AGE ON SUSCEPTIBILITY TO TUBERCULOUS INFECTION
That newborn mice injected with a dose sufficient to produce fatal disease in adult mice not only survive as long as the adults but, in a certain percentage, show no tuberculous lesions S months after inoculation was a surprising finding of Thomas and Dessau14 and seemed worthy of repetition and amplification. To this end, mice were injected intraperitoneally with concentrated suspensions of tubercle bacilli so that the total volume injected was not more than 0.05 to 0.1 cc. This was particularly important with small mice to prevent leakage of the material. In order to exclude spontaneous infection with tuberculosis as a possible source of error, newborn mice were kept with tuberculous parents for 4 weeks, then separated and sacrificed at the age of 60 to 90 days. Many of the parents showed severe pulmonary lesions at autopsy. The offspring were examined microscopically, and acid-fast smears of liver and lungs were searched for tubercle bacilli. In none of the 41 mice thus examined were evidences of tuberculosis found. As a further check, suspensions were made of the liver, lung, spleen, heart, and kidneys of grossly negative mice and 2 cc. of these suspensions were injected subcutaneously in the inguinal region into guinea-pigs. The results are tabulated. As another approach to the investigation of differences in resistance of young and adult mice longevity studies of animals injected at varying ages were made. In a preliminary experiment all of the mice were inoculated with 1.5 mg. of bovine tubercle bacilli. The initial mortality of the young mice was so high that comparisons were difficult. However, 10 mice 28 days of age at the time of injection showed a 20 per cent survival after 200 days in contrast to 16 adult mice which showed an 8 per cent survival after the same interval.
A more satisfactory way to determine the influence of age upon resistance is to inject mice with doses calculated according to weight.
Two experiments were performed; in one the mice were injected with 0.02 mg. per gm., in the other with 0.06 mg. per gm. of body weight.
.PTUP ENFECTIOt CHART 2.
The effects of the infection on longevity in the various groups are given in Charts 2 and 3. The rapidly progressive mortality rate of adult mice, l1-day-old mice (young mice), and 70-day-old mice ,--CPOR (young adults) contrasts strikingly with the low mortality rate of mice injected at 20 to 50 days of age in both experiments. A third experiment including 176 mice with similar age groups injected with 0.06 mg. of bovine 4717 per gin. of body weight yielded similar results.
Discussion
The high resistance of mIce with their ability to eliminate large numbers of tubercle bacilli is clearly demonstrated by the intraperitoneal injection experiments. Organisms and lesions were present in a high incidence during the first two months after inoculation, while the peritoneum was entirely free of change, except in rare instances, at later intervals. Still more striking is the observation that the spleen, despite the presence of large numbers of bacilli and extensive anatomical change during the first weeks, ultimately returns to a normal architecture. Many publications concerning experimental tuberculosis in mice mention the great enlargement of the spleen. As early as 1915, Lewis and Margot5 attempted to clarify the role of the spleen in mice infected with tuberculosis. They observed that splenectomized mice infected 14 days after the operation showed an increased resistance to tuberculous infection. Recently, Marmorston7 obtained opposite results with mice infected 8 days after splenectomy. Lewis and Margot's results may be explained by a compensatory increase of reticulo-endothelial tissue after splenectomy, a fact observed by Pfeiffer and Standenath11 and confirmed later by other investigators.1, 12 The present experiments support the view that the spleen contributes markedly to the resistance of the mouse to tuberculous infection.
The changes in the lung are further evidence that the resistance of mice is not based on a connective tissue response. The conspicuous absence of caseation in the lesions of the lung is further emphasized by the observation of only a single instance in 300 mice.
Experiments on the minimal infecting dose demonstrated that an amount 800 to 1000 times greater than that for a guinea-pig is necessary to produce fatal disease in an adult mouse. Even with doses larger than the "minimal infecting dose" a certain number of mice are found to be free of lesions.
Reinvestigation of the problem of tuberculin hypersensitivity in mice by a variety of methods yielded negative results. The increase of cells in the pleural fluid after PPD injection was not of sufficient constancy to be characteristic. In the testis, changes similar to those after PPD injection were also found after saline injection. That in tissue cultures the cells of infected mice continued to grow regardless of the presence of PPD in a high concentration is an impressive additional fact.
The results of subcutaneous reinjection were at variance with those of Pagel, since papules occurred in our mice on the second day in both the reinfected and control series.
The microscopical findings at various intervals after intraperitoneal reinfection did not show a difference in reaction. Observations on the longevity of reinfected mice compared with control groups inoculated with a corresponding single dose did not demonstrate any significant difference. Hence, the condusion seems justified that, in mice, a previous injection with tubercle bacilli has no effect upon subsequent development of lesions or increase in the natural high resistance.
The observations on longevity of mice inoculated at various ages confirmed the former assumption that young mice have a higher resistance to tuberculosis than have adults, but it is apparent from the charts presented that the resistance of newborn mice (up to 14 days) and of mature mice (70 days or older) is lower than is that of mice between the ages of 3 and 7 weeks. These findings are comparable to those of Smithburn,13 who found that young rabbits are more resistant to tuberculosis than are adults. But the striking similarity of these results to the natural resistance of human beings of various ages to tuberculous infection (Myers8) is of even greater interest.
The present observations indicate that the mechanism by which mice are able to resist tuberculous infection is not dependent on a. general tissue allergy or a fibrous tissue response, nor is it associated with a total lack of response, since there is a marked epithelioid cell reaction wherever the organisms are found in larger numbers. These results suggest the possibility that certain cells of the mouse possess the ability to break down the tubercle bacilli by chemical means. Summary 1. The resistance of mice to tuberculosis is not based on a marked connective tissue response. Lesions appearing 10 days after intraperitoneal inoculations were characterized by the formation of epithelioid cell tubercles; in a high percentage of animals the lesions regressed after 80 days. This behavior was most strikingly seen in the spleen where, at 20 to 30 days, extensive tubercle formation had replaced most of the pulp but was followed by a complete resolution of the lesions by 80 days.
2. The minimal infecting dose for an adult mouse was found to be 0.001 mg. of bovine tubercle bacilli.
3. No evidence of tuberculin hypersensitivity could be detected in infected mice in spite of the use of all possible methods of injection of purified protein derivative. 4 . By means of longevity studies it was shown that mice 20 to 50 days of age are more resistant to tuberculosis than are either newborn or adult mice. Fin. 3 
